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Abstract 
The energy consumption of primary return air conditioning system was researched by the method of exergy analysis. 
Combined with actual example，the exergy loss of  equipments and the exergy efficiency of system were calculated 
both in summer and in winter. The results show that the exergy efficiency is very low in two conditions. The exergy 
loss focuses on air-conditioned room.The exergy loss of reheater has obvious difference between summer and winner. 
Based on this, the improvement measure was proposed,which can provide guide for the energy conservation of 
equipments and system.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction  
With the improvement of living level, air conditioning system has become a indispensable part in 
modern building. Some research shows that the energy consumption of air conditioning system in our 
country is 10%-60% of total energy consumption[1-2]. The ratio will be higher with the increase of 
building scale and building area. Therefore, the research on energy consumption of air conditioning 
system is significant. 
In this paper, the energy consumption of air conditioning system was researched by the method of 
exergy analysis. The exergy analysis model of equipments was established. Combined with actual 
example, the exergy loss of  equipment and exergy efficiency of system were calculated both in summer 
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and winter design conditions. The purpose is to find the weak part in energy use of air conditioning 
system and guide the direction for energy saving. 
2. Exergy involved in air conditioning system 
2.1 exergy of heat and cooling 
The exergy of heat and cooling can be defined as[3]: 
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Where，T  astands for logarithmic mean temperature between inlet and outlet. 0T  is environment
temperature.
2.2 The exergy of wet air
Taking the state of saturated wet air at environment temperature as reference point, the exergy of wet 
air in certain state can be calculated as [4-5]: 
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Where， ,p ac  and ,p vc  is specific heat of dry air and steam, respectively. 0T  is temperature of 
reference state and T  is the temperature of certain state. 0d  and d are humidity of two states. ,g aR  is 
gas constant of dry air. 
3.  Exergy analysis model of primary return air conditioning system 
3.1 Exergy analysis model in summer 
1) Processing flow and energy analysis 
As shown in figure 1, in summer the fresh air from outside and return air from inside are combined in 
mixing chamber.  
Then the mixed air is cooled in surface cooling and heated in reheater. After that, the air is send to air-
conditioned room. Finally, the air absorbs the heat and humidity in the room and reaches the setting 
state[6].
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Fig.1 Processing flow chart in summer 
The energy leaving the system is: 
           0 ( )C LQ G h h= −                                     （3）
Where, G  is total air quantity and h  is enthalpy. The subscripts refer to the different state of air.  
The energy entering into the system includes three parts. The cold load of air-conditioned room can be 
described as: 
1 ( )N OQ G h h= −                                          （4）
The cold load of reheater can be shown as: 
2 ( )O LQ G h h= −                                       （5）
The cold load of fresh air is: 
3 ( )W W NQ G h h= −                                    （6）
According to energy balance, there is: 
0 1 2 3Q Q Q Q= + +                                     （7）
2) Exergy analisis of equipments 
In order to simplify the model, the exergy loss considered is caused by fan and pipeline. Only the 
exergy loss of main equipments, such as air-conditioned, mixing chamber, surface cooling and reheater, is 
considered. 
Based on the exergy balance equation, there is, the exergy loss equals to the difference between the 
exergy entering into the system and the exergy leaving the system. 
So, the exergy loss of air-conditioned room, mixing chamber, surface cooling and reheater can be 
counted as (8)-(11). 
11 , 1 , ,x O x N x Q
I Ge G e E= − −                         （8）
2 , 1 , ,W x W x N x CI G e G e Ge= + −                     （9）
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03 , , ,x C x Q x L
I Ge E Ge= + −                          （10）
4 , ,x L x OI Ge Ge= −                                   （11）
3.2 Exergy analysis model in winter 
1) Processing flow and energy analysis 
Fig.2 Processing flow chart in winter 
As shown in figure 2, firstly, the fresh air from outside in winter is pre-heated in pre-heater(if 
necessary  and mixed with the return air from inside in mixing chamber. Then the humidity of mixed air 
is added in humidity addtioner. After heated in reheater, the air enters into air-conditioned room. Finally, 
the air becomes the setting state[4].  
The energy entering into the system in pre-heater is: 
11 ( )W W WGQ h h= −                                         （12）
The energy entering into the system in reheater is: 
2 ( )O LQ G h h= −                                             （13）
The energy leaving the system constitutes of two parts. 
The heat load of air-conditioned room can be described as: 
3 ( )O NQ G h h= −                                            （14）
The heat load of fresh air is: 
4 ( )W N WGQ h h= −                                       （15）
According to energy balance, there is: 
1 2 3 4Q Q Q Q+ = +                                        （16）
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2) The Exergy analisis of equipments 
The exergy loss of air-conditioned room, pre-heater, mixing chamber, humidity additoner and reheater 
can be calculated as (17)-(21). 
            
31 , 1 , ,x O x N x Q
I Ge G e E= − −                         （17）
1 12 , , ,W x W x Q W x W
I G e E G e= + −                    （18）
13 , 1 , ,W x W x N x C
I G e G e Ge= + −                     （19）
4 , ,x C x LI Ge Ge= −                                        （20）
25 , , ,x L x Q x O
I Ge E Ge= + −                           （21）
3.3 Iindexes of exergy analysis 
The economic index of exergy analysis is exergy efficiency, which equals to the effective exergy 
devided by the supply exergy. For summer, the effective exergy is 
1,x Q
E  and the supply exergy is the sum 
of ,W x WG e  and 0,x QE . For winter, the parameter is 3,x QE  and the sum of ,W x WG e , 1,x QE and 2,x QE ,
respectively.
Besides，the exergy loss rate is the percentage in total exergy loss occupied by the exergy loss of each 
equipment.The coefficient of exergy loss is the ratio of the exergy loss of  each quipment and the supply 
exergy of the system. The two indexes can indicate the relative level of exergy use in each quipment.   
4. Results and analysis  
The condition of primary return air conditioning system in Changsha is given as: 
The design parameters inside are identical in summer and winter. The temperature is 22℃ and the 
relative humidity is 60%. The dry bulb temperature is 35.8℃ and the wet bulb temperature is 27.7℃
outside in summer. While, the dry bulb temperature is -3℃ and the relative humidity is 81% outside in 
winter.The cold load of air-conditined room is 10kW in summer and -2kW in winter. The humidity load 
is both 0.001kg·s-1. The ratio of fresh air is 30% and the temperature difference of supply air is 6℃.
4.1 Rresults in summer 
The results in summer are shown in Table 1-3. 
It can be seen from Table 3 that the exergy efficiency in summer is 30.07%. The total exergy loss is 
69.93% and most of the exergy is lost in the air handling process. As for equipents, the main exergy loss 
is in air-conditioned room. The coefficient of exergy loss is 46.76%, followed by reheater and mixing 
chamber. The exergy loss in surface cooling is lowest and the coefficient of exergy loss is just 0.84%. 
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4.2 Results in winter 
The results in winter are shown in Table 4-6. It can be concluded from Table 6 that the exergy 
efficiency in winter is only 14.14%. The total exergy loss is very large. The equipent with biggest exergy 
loss is still air-conditioned room. The following is mixing chamber. While the exergy loss in pre-heater, 
humidiy additional and reheater is very low. And the coefficient of exergy loss is 0.94%, 3.67% and 
4.55% in turn. 
4.3 Comparison and analysis 
The equipments and the definition of effective exergy and supply exergy vary in summer and in winter, 
so the exergy efficiency also varies.  
The exergy loss in air-conditioned room is highest in two conditions. The reason is that the exergy of 
exhaust air is directly released to environment. In order to decrease the exergy loss, the exhaust air must 
be recovered. For exmple, the exhaust air can be used to cool the fresh air in summer and heat the fresh 
air in winter. 
The exergy loss of reheater is greatly different in summer and in winter. The reheater loses exergy in 
summer and obtains exergy in winter reversely, which leads to the exergy loss in winter is lower. The 
measure to reduce the exergy loss of reheater in summer is to increase the temperature difference of 
supply air. For the system without strict limit to temperature difference, the air can be supplied in dew 
point to avoid the energy offset. Another effective way is to apply secondary return air conditioning 
system. 
TABLE 1 Air quantity and cooling capacity in summer  
parameter G
/kg·s-1
WG
/kg·s-1
1G
/kg·s-1
0Q
/kW
1Q
/kW
2Q
/kW
3Q
/kW
value 1.21 0.363 0.847 28.18 10 3.3 14.88 
TABLE 2 The exergy in summer  
parameter ,x We
/kJ·kg-1
,x Ne
/kJ·kg-1
,x Ce
/kJ·kg-1
,x Le
/kJ·kg-1
,x Oe
/kJ·kg-1
0,x Q
E
/kW
1,x Q
E
/kW
2,x Q
E
/kW
value 0.6871 2.3655 1.7115 3.0744 2.8716 1.6653 0.5757 0.2427 
TABLE 3 The exergy loss and exergy efficiency in summer  
equipment exergy loss  /kW
 exergy loss rate 
/%
coefficient of exergy loss 
/%
exergy efficiency 
 /% 
air-conditioned room 0.8953 66.87 46.76 - 
mixing chamber 0.1821 13.6 9.51 - 
surface cooling 0.0161 1.20 0.84 - 
reheater 0.2455 18.33 12.82 - 
system 1.339 100 69.93 30.07 
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TABLE 4 Air quantity and cooling capacity in winter 
parameter G  /kg·s-1 WG  /kg·s-1 1G /kg·s-1 1Q /kW 2Q /kW 3Q /kW 4Q /kW
value 1.21 0.363 0.847 2.82 15.3 2 16.12 
TABLE 5  The exergy in winter  
parameter ,x We
/kJ·kg-1 
1,x W
e
/kJ·kg-1
,x Ne
/kJ·kg-1
,x Ce
/kJ·kg-1
,x Le
/kJ·kg-1
,x Oe
/kJ·kg-1
1,x Q
E
/kW
2,x Q
E
/kW
3,x Q
E
/kW
value 0.0057 0.1145 1.7534 1.037 1.0037 1.9765 0.0498 1.2271 0.1809 
TABLE 6 The exergy loss and exergy efficiency in winter 
5. Conclusion 
The energy consumption of primary return air conditioning system in summer and winter was 
researched by the method of exergy analysis. The results show that: 
(1)The exergy efficiency is very low in summer and in winter. Relatively, the latter is lower. 
(2)The exergy loss focuses on air-conditioned room in two conditions. 
(3)The exergy loss of reheater has obvious difference between summer and winner.  
(4)The exergy loss of pre-heater, surface cooling and humidiy addtioner is low. 
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equipment exergy loss  /kW
 exergy loss rate 
 /% 
coefficient of exergy loss 
/%
exergy efficiency 
 /% 
air-conditioned room 0.7256 66.08 56.73 - 
pre-heater 0.0103 0.94 0.81 - 
mixing chamber 0.2719 24.76 21.26 - 
humidity additioner 0.0403 3.67 3.15 - 
reheater 0.05 4.55 3.91 - 
system 1.0981 100 85.86 14.14 
